We explored the possibility of simultaneous application of histochemical and immunohistochemical staining techniques on the same pataffin-embedded human tissue section. Conventional histological stains (PAS, Alcian, Alcian-PAS, Van Gieson, Gomori silver impregnation, and Giemsa) were used in association with a battery of markers (keratins, leucocgte common antigen, S-100 protein, Factor VIII-related antigen) that are widely employed in diagnostic and experimental studies. We found that the best procedure was to perform immunostaining before the histochemical reaction, as this enables all the other possible combinations to be carried out.
Introduction
In the past few years, several studies have addressed double staining on the same tissue section by use of two antibodies that are evidenced by different chromogen reaction and detection systems (3, 4, 14, 22, (27) (28) (29) 32) . These investigations have employed frozen (17) (18) (19) (20) (21) (22) or fixed tissue embedded in paraffin and acrylic resin (9) and various immunohistochemical methods including PAP, APAAP, @galactosidase (30), and ABC, as well as several enzymes or colloidal gold as markers (6) (7) (8) 23, 24) . More recent literature reports describe combinations of two or more antibodies (2,31) as well as immunohistochemistry (IHC) associated with in situ hybridization (1, 5, 10, 11, 19) , and combining MC with non-enzymatic histochemistry procedures has received less attention; we found only two such reports in which IHC was used in association with Alcian blue (19) and with staining for nucleolar organizer regions (NORs) (20) . We studied the possibility of associating IHC methods with conventional histological and histochemical staining procedures to define the most productive and easily workable combinations.
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Correspondence to: Alessandro Poletti, MD, Inst. of Pathological Anatomy, Via A. Gabelli 61, 35121 Padua, Italy. anti-peroxidase (PAP), alkaline phosphatase-anti-alkaline phosphatase ( A € ! ! ) , and avidin-biotin complex (ABC), were tested and all gave consistent results. Some minor modifications ofthe histological staining methods were necessary, but the current immunohistochemical techniques could be used as established. Preliminary fiidings indicate that immunohistochemistry can be combined with histochemistry techniques by means of a relatively simple procedure whose only disadvantage is the time required to carry out the double Staining. (JHistochem Cpochem 40: 1%5-1970, 
1992)
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Materials and Methods
Tissue Samples. Sewn human tissue samples were analyzed in this study.
This material consisted of three lymph nodes with persistent generalized lymphadenopathy, metastasis of breast carcinoma, and extra-osseous plasmocytoma, a sample of large bowel with no evident pathology, a liver biopsy specimen from a patient with chronic persistent hepatitis, a sample of nasal polyps, and one of skin with mycosis fungoides. All the specimens were fmed in 10% buffered formalin and embedded in Paraplast; 3 -4 -~m thick sections were cut, rehydrated, and utilized in the different procedures.
Experimental Design. Various IHC and histological staining combinations and sequences were examined, which are detailed in Tables 1 and  2 . Briefly, histological stains were applied after and before immunostaining, and the chromogen was selected in relation to the colors produced by the former. Several antigens were tested to establish their resistance to histochemical stainings; the reaction of histochemically stained tissue to various immunostaining procedures was also examined. Moreover. IHC techniques such as PAP, APAAP, and others were studied in relation to their compatibility with different histochemical stains. Each histochemical stain (Giemsa, PAS, Alcian, Alcian PAS, Gomori, and Van Gieson) was paired with a single IHC method for each antigen tested. Therefore, three different groups of technical variant combinations were set up, consisting of four antigens, six histochemical stains, and seven IHC revelation systems. A further technical variant consisted of performing IHC before or after the histochemical stain. For example, Giemsa stain was paired with leucocyte common antigen (LCA) detected by seven different IHC methods either before or after antigen demonstration (see Tibles 1 and 2).
By using such an experimental set-up, several antigens could be tested 1%5
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POLETTI, GIACON, PENNELLI to establish their resistance to histochemical stains; conversely, the reactivity of histochemically stained tissue with various immunostaining procedures could also be verified. Moreover, various IHC techniques such as PAP and APAAP could be studied in relation to their compatibility with different histochemical stains.
Histology. Sections were processed for PAS, Alcian, Alcian-PAS, Van Gieson, and Gomori's silver impregnation staining techniques following the methods described in the AFIP Manual of Histologic Staining Methods (16). with only minor modifications. For PAS staining, differentiation with hydrochloric acid was omitted because HCI markedly reduces tissue antigenicity and causes fading of the chromogen reaction when IHC precedes PAS staining; for Alcian staining, the use of acetic acid as mordant was omitted because it did not influence in any way the final results; and for Gomori's method, the gold chloride step was omitted because no influence on results was appreciated. Giemsa stain was performed according to Lennert (15) . omitting the step with acidified distilled water because a much better control of the degree of differentiation could be obtained, in our experience, by a brief (3-5-sec) washing in tapwater followed by 95% ethanol decolorization (+>-sec) under microscopic control. In some cases, PASand Alcian-stained sections were counterstained with Mayer's hematoxylin or methyl green.
Immunohistochemical Methods. Primary antibodies used in this study were: leucocyte common antigen (LCA) (Dako, Santa Barbara, C A cat. no. M 701). anti-human keratin (AE1) (Ortho, Raritan, NJ; cat. no. FIL 7) after pre-treatment with 0.1% trypsin (Sigma; St Louis, MO) in PBS for 30 min at 37°C; anti S-100 protein (Dako; cat. no. Z 311) with 0.1% trypsin in PBS pre-treatment for 5 min at 37°C; and anti-Factor VIII-related antigen (Factor VI11 RA) (Dako; cat. no. A 082) after 20-min pre-treatment with 0.1% trypsin in PBS at 37'C. The following procedures were employed for antibody detection: PAP method, according to Sternberger et al. (26) was used only for polyclonal antibodies (S-lo0 protein and Factor VI11 RA); the APAAP method as described by Cordell et al.
(3) only for monoclonal antibodies (LCA and AE1); and the ABC technique of Hsu et al. (12) was used for the entire antibody panel.
We also performed a modification of the indirect procedure described by Shi et al. (25) by using alkaline phosphatase-streptavidin (Strept-alk) (Dako; cat. no. D 396) for polyclonal antibodies only.
Reagents for the PAP, APAAP, and ABC Procedures. Normal rabbit (cat. no. X 902), normal swine (cat. no. X 901) sera, rabbit anti-mouse (cat. no. 2 259), swine anti-rabbit (cat. no. 2 196) antibodies, PAP-rabbit (cat. no. 2 113). APAAP-mouse (cat. no. D 651) were purchased from Dako, and those for the ABC [normal horse and goat sera, biotinylated horse antimouse antibody (cat. no. PK 6102), biotinylated goat anti-rabbit antibody sera (cat. no. PK 6101) and avidin and biotinylated peroxidase] were bought from Vector Laboratories (Burlingame, CA). Antibody dilutions and times are shown in Table 3 .
Chromogen substrates were prepared as follows. For peroxidase, 3,3'diaminobenzidine-tetrachlorhydrate (DAB) was used in a 0.5 % concentration in PBS plus hydrogen peroxide at 0.01%. This solution was prepared immediately before use. Slides were covered with it for 5 min under microscopic control. For DAB-CoC12 solution, CoC12 was added as described by Hsu and Soban (13) . For alkaline phosphatase, two chromogens were prepared as described by Cordell et al. (3).
Results
Tables 1 and 2 show the results in detail, some examples also being illustrated in Figures 1-7 . Briefly, optimal results were obtained with Giemsa and Alcian after LCA immunostaining; only a slightly lower efficiency of staining was observed with Alcian-PAS after LCA, whereas other histochemical staining reactions could barely be evaluated. When LCA immunostaining was performed after histochemical stains, good results were obtained only with Alcian, whereas other histochemical stainings showed incompatibility for the subsequent LCA reaction, due either to loss of antigenicity (observed with PAS, Alcian-PAS, and Gomori) or to fading of histochemical staining after PBS exposure (observed with Giemsa and Van Gieson) during LCA immunostaining. Concerning immunostaining for keratins (AEl), S-100 protein, and Factor VI11 RA performed before histochemical stains, optimal results were obtained with Giemsa and Alcian and very good results were observed with PAS and Alcian-PAS. Barely acceptable results were obtained with Gomori and Van Gieson after IHC for the above antigens, whereas when the staining sequence was reversed all the antibodies gave comparable efficiency of results (Table 1) . Therefore, our results showed that antigens were best preserved when IHC preceded histochemical staining. When this sequence was reversed, only Alcian did not alter antigenicity. Moreover, by performing the most appropriate sequence, most of the immunestaining procedures could be applied in all of the histochemical stains (Eble 2).
The data in Eble 2 indicate a good degree of compatibility between histochemical stainings and the different revelation systems of IHC methods. In particular, Giemsa staining could be paired only with revelation systems involving peroxidase. The use of alkaline phosphatase in our experiments required mounting in aqueous media and therefore caused fading of Giemsa staining. On the other hand, PAS staining showed complete compatibility with alkaline phosphatase revelation systems, the only condition being that chromogens must be used that give a chromatic tone different from that imparted by Shiffs solution. Results obtained with PAS paired with IHC methods involving peroxidase were relatively good, particularly when DAB plus CoC12 was used. For Alcian staining, all of the revelation systems and chromogens (with the obvious exception of Fast Blue chromogen) demonstrated an optimal degree of compatibility. For Alcian-PAS, best results were obtained by using revelation systems involving peroxidase and a chromogen substrate unable to produce optical interference with the blue and purple colors produced by Alcian-PAS staining. For example, the black stain produced by DAB plus CoCl2 yielded the best results. Gomori silver impregnation consistently gave optimal results when performed after IHC methods ( Table 1 ).
The efficiency of results observed with Van Gieson was similar to that of Giemsa staining.
Discussion
To reveal antigens that constitute important diagnostic markers, we studied the association of different histochemical staining proce-dures with some immunostaining methods. We found that some modifications in the histological staining methods were necessary to obtain an efficient system.
In the Giemsa procedure, the step with acetic acid was omitted and was replaced by a water rinse and fast differentiation in absolute ethanol. The Giemsa stain is not resistant to the PBS solution, and thus best results were obtained when it followed the IHC reactions. However, chromogens that require an aqueous mounting medium cannot be used with Giemsa staining because it is unstable in water. When the PAS method was carried out before IHC reactions, differentiation with HCI was omitted because it severely compromised tissue antigenicity; prolonged washing with PBS tended to diminish PAS intensity. In the reverse sequence, the color intensity of the chromogen reaction was impaired by the action of periodic acid; we also observed that further contact with another acid, such as HCI, destroyed the reaction. The PAS reaction did not alter chromogen substrates such as LCA, Factor VI11 RA, and S-100 protein, which lost their antigenicity. Similar observations were made for Alcian-PAS staining.
In the Alcian method, the problem of acid solutions was circumvented by omitting 3% acetic acid as the mordant. The demonstration of keratins or Factor VI11 RA was strongly affected when IHC was performed before Alcian, and was probably due to the use of the proteolytic enzyme. On the other hand, the Alcian stain was always effective, both before and after IHC reactions, for the demonstration of LCA and S-100 protein.
The possibility of performing IHC reactions after Gomori's silver impregnation was precluded by the presence of strong oxidizing agents. such as a n 0 4 and AgN03, which denatured the antigens. The difficulty in combining these two procedures is further evidenced by the results shown in Table 1 . When IHC reactions preceded the Gomori technique, only resistant and highly represented antigens such as keratin (which gives a strong IHC reaction) persisted after Gomori. The chromogen reaction, in general, was diffuse and less sharp.
The Van Gieson stain was completely abolished by prolonged immersion in PBS and therefore could only be performed after IHC reactions; in this sequence, however, the selectivity of the stain was somewhat impaired. Moreover, this association precludes the use of chromogens that require an aqueous mounting medium.
Our findings suggest that histological staining procedures can be combined with immunohistochemical methods, and we are encouraged to further test the possibilities of this approach with a larger panel of antibodies. Our preliminary results suggest that it is possible to combine non-enzymatic histological stains with immunohistochemical methods. For example, such a combination appears to be a promising tool in the study of malignant lymphoma by use of Giemsa staining plus IHC reactions to demonstrate both phenotype and morphology. Another possibility may be represented by combination of PAS plus keratins to show the interaction of epithelial cells with their surrounding stroma. The methods described in this study are relatively simple, reproducible, and inexpensive. The only disadvantage, however, is that they are time consuming. At present, a protocol is ongoing in our laboratory that aims to detect two different antigens with concomitant histochemical staining in the same tissue section (Figure 8) . 
